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The pandemic of type 2 diabetes 
necessitates early and effective treat- 
ment to delay or prevent micro- and 
macrovascular complications associated 
with diabetes (1-3). However, the major- 
ity of patients with type 2 diabetes do not 
reach their therapeutic goals as a result of 
insufficient treatment. The cardiovascular 
mortality risk is increased, and 75% of 
patients with type 2 diabetes die of car- 
diovascular events. Type 2 diabetes is the 
main cause of end-stage renal disease and 
dialysis in many countries (4). The vascu- 
lar complication risk can be lowered by 
improved metabolic control (2,3). How- 
ever, further important treatment goals 
such as body weight reduction or the pre- 
vention of hypoglycemia are seldom ac- 
complished. 

In type 2 diabetes, a stepwise escala- 
tion of therapy is suggested along the 
course and progression of the disease. 
Metformin is widely accepted as the first- 
line therapy, but owing to partly lacking 
evidence, with regard to further thera- 
peutic steps there is room for various 
individual treatment choices. Recently, a 
Position Statement by the American Di- 
abetes Association (ADA) and the Euro- 
pean Association for the Study of Diabetes 
(EASD) tried to value and position sec- 
ond- and third-line therapies according 



to their efficacy, side effects, hypoglyce- 
mia incidence, body weight development, 
and costs (5). 

Adding another oral agent to metfor- 
min in order to escalate therapy when 
necessary presently gives the choice of 
sulfonylureas, glinides, dipeptidyl pepti- 
dase (DPP)-4 inhibitors, pioglitazone, 
and a-glucosidase inhibitors. The efficacy 
of these agents as add-on medication to 
metformin is only modest, and on average 
an additional HbA lc reduction of -0.5- 
1% can be expected. Furthermore, the 
treatment with sulfonylureas, glinides, 
and pioglitazone is associated with body 
weight gain. Sulfonylurea and glinide 
therapy is also associated with a risk of 
hypoglycemia. ct-Glucosidase inhibitors 
predominantly lower postprandial hyper- 
glycemia and therefore show less HbA lc 
reduction in most studies. DPP-4 inhibi- 
tors as incretin-based therapies have dem- 
onstrated less efficacy in lowering 
glycemic parameters in head-to-head 
comparisons with glucagon-like peptide 
(GLP)-l receptor agonists (GLP-1 RAs). 
In addition, they are body weight neutral, 
whereas GLP-1 RAs allow weight loss (5). 

Failing oral antidiabetes therapy, an 
additional injectable treatment option 
comprises either the start of an insulin 
therapy (often basal insulin as the first 



step of insulin treatment) with dose titra- 
tion to the individual glycemic goal or the 
injection of a GLP-1 RA as incretin-based 
therapy. While insulin therapy has been 
established for decades, treatment op- 
tions with a GLP-1 RA first became avail- 
able in 2005. In the meantime, therapy 
with GLP-1 RA has become more widely 
used and is seen as an alternative to insu- 
lin in certain patients, especially when 
obesity is also present. In this article, we 
will debate these two options as possible 
treatment escalations when oral therapy 
fails in light of the results of recently pub- 
lished studies on the topic, e.g., the Exe- 
natide Versus Glimepiride for Prevention 
of Glycemic Deterioration Among Those 
with Type 2 Diabetes and Metformin Fail- 
ure (EUREXA) study (for GLP-1 RA) (6) 
and the Outcome Reduction With Initial 
Glargine Intervention (ORIGIN) Trial for 
insulin (7). 

Incretin side of the debate 

GLP-1 RAs: developments and mode of 
action. GLP-1 RAs selectively bind to the 
GLP-1 receptor, a seven transmembrane- 
spanning receptor coupled to G-proteins. 
Activation of the pancreatic GLP-1 recep- 
tor on (3-cells leads to a glucose-dependent 
stimulation of insulin secretion and, via 
indirect pathways, to an also glucose- 
dependent inhibition of glucagon secretion. 
These are the two main effects of the 
glucoregulatory action of GLP-1 RA. Owing 
to the glucose dependency of these ac- 
tions, the intrinsic hypoglycemia risk of 
the GLP-1 RA is very low. Studies in ro- 
dents and in isolated human islets have 
shown an improvement of islet function 
after GLP-1 exposure as well as an increase 
in (3-cell mass — predominantly the result 
of an inhibition of p-cell apoptosis. Be- 
sides that, extrapancreatic effects of 
GLP-1 have been observed: in the central 
nervous system, GLP-1 is a neurotrans- 
mitter in hypothalamic areas responsible 
for the mediation of satiety signals; in the 
gastrointestinal tract, GLP-1 slows gastric 
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emptying; and in the cardiovascular sys- 
tem, GLP-1 has been found to decrease 
blood pressure, increase the pulse rate, 
and improve cardiac function measured 
by echocardiography. In animal studies, 
GLP-1 and GLP-1 RA were able to de- 
crease infarct sizes in experimental myo- 
cardial ischemia (8,9). 

Exenatide was the first GLP-1 RA to 
be introduced into type 2 diabetes ther- 
apy in 2005. It is the synthetic form of 
exendin-4, a reptilian peptide from the 
glucagon family with a 53% sequence 
similarity to GLP-1. It was found to be a 
good agonist at the GLP-1 receptor and to 
be resistant to degradation by DPP-4, the 
enzyme cleaving native GLP-1 within 1-2 
min. Exenatide therefore has a half-life of 
-3.5 h, making it suitable for twice-daily 
injections (10). 

Liraglutide, the first human GLP-1 
analog for once-daily injection, was in- 
troduced in 2009. It has a fatty acid side 
chain covalently bound to the peptide 
chain leading to aggregation and albumin 
binding of liraglutide molecules. This 
prolongs biological half-life and prevents 
degradation by DPP-4 (11). 

The recent further developments of 
GLP-1 RA have led to longer-acting com- 
pounds suitable for once- weekly injec- 
tion. A weekly formulation of exenatide 
(exenatide QW, Bydureon; Amylin and 
Lilly Pharmaceuticals) became available 
in 20 1 1 . Albiglutide (GlaxoSmithKline) , a 
human GLP-1 analog for once -weekly in- 
jection, is far advanced in development, 
as are other compounds on a human GLP- 1 
basis. Lixisenatide (sanofi-aventis) is a 
GLP-1 RA similar to exendin-4 for once- 
daily injection that is far advanced in clin- 
ical studies (12). 

In the initial clinical studies with 
exenatide performed in patients failing 
either on metformin or on sulfonylurea 
therapy or on a combination of both, 
additional exenatide treatment dem- 
onstrated a decrease of HbA lc versus pla- 
cebo of 0.9-1.0%, accompanied by a 
weight loss of 1.6-2.8 kg (13). The pa- 
tients with metformin as baseline therapy 
had the lowest rate of hypoglycemia and 
the best results concerning glycemic im- 
provement and weight loss. In this group, 
the hypoglycemia incidence was not 
significantly increased compared with 
placebo. The higher hypoglycemia inci- 
dence in the sulfonylurea-treated patients 
was due to the use of the sulfonylurea 
that exerts its insulinotropic action in a 
glucose-independent manner. The open 
3-year study extension of this set of 



studies demonstrated a sustained HbA lc 
reduction of 1.0% and a weight loss of 
5.3 kg in the study completers (13). Nau- 
sea was reported by -40% of patients. This 
was mild to moderate and transient and 
led to a discontinuation of the drug in 
only -5% of patients (10). These studies 
led to the approval of the first GLP-1 RA 
and to the positioning of this drug class for 
patients failing on metformin or sulfo- 
nyurea monotherapy or on a dual therapy 
with both agents. In the initial phase III 
clinical study for liraglutide, this GLP-1 
RA was investigated in patients with a 
more heterogenous disease progression: 
testing liraglutide efficacy and safety in 
monotherapy against adding a second 
oral agent or in a multiple oral drug com- 
bination and against the addition of insu- 
lin glargine. In these studies, liraglutide 
was more efficacious in lowering glycemic 
parameters compared with the compara- 
tors and additionally led to a significant 
weight loss (11). Gastrointestinal side 
effects were observed less frequently com- 
pared with exenatide in a direct head-to- 
head comparison (14). In recent studies 
with longer-acting GLP-1 RA, the glyce- 
mic efficacy was further improved com- 
pared with the shorter-acting agents 
(8,9,12,15). 

Head-to-head studies of GLP-1 RAs with 
different strategies of insulin therapy. 

In several clinical studies, head-to-head 
comparisons between GLP-1 RA and in- 
sulin therapy have been performed, 
mostly in patients with metformin failure. 
Exenatide twice daily has been compared 
head to head against insulin glargine and 
biphasic premixed insulin aspart 70/30 
(16-20). In these studies, exenatide and 
insulin as add-on therapies achieved sim- 
ilar improvements in overall glycemic 
control in patients with type 2 diabetes 
on suboptimal control with oral combina- 
tion therapy. In all of these studies, exe- 
natide treatment was associated with 
superior weight reduction but had a 
higher incidence of gastrointestinal ad- 
verse effects than insulin. Exenatide led 
to better postprandial glycemic control 
compared with either insulin glargine or 
premixed insulin aspart 70/30 (16-19); 
in one study, exenatide was superior re- 
garding hypoglycemia incidence versus 
biphasic premixed insulin aspart 70/30 
(8.0 vs. 20.5% for exenatide vs. insulin, 
respectively; P < 0.05) (20). 

In a 3-year study comparing exena- 
tide and insulin glargine in a similar but 
smaller patient cohort (36 patients com- 
pleted the study), exenatide, in addition 



to showing an advantage in body weight 
development (-7.9 ± 1.8 kg; P < 
0.001), demonstrated a positive effect 
on parameters of insulin sensitivity and 
(3-cell function after a 4-week drug wash- 
out period. Exenatide increased the M 
value for insulin sensitivity by 39% (P = 
0.006), while insulin glargine had no ef- 
fect (P = 0.647). After the washout period, 
the disposition index increased with exe- 
natide, while it decreased with insulin 
glargine compared with the pretreatment 
values (1.43 ± 0.78 and -0.99 ± 0.65, 
respectively; P = 0.028). These findings 
may suggest a beneficial effect on p-cell 
health (21). 

Recently, a further study comparing 
exenatide QW with insulin glargine over a 
study period of 84 weeks showed better 
glycemic control with a lower hypoglyce- 
mia incidence and with sustained overall 
weight loss with exenatide QW. Of the 
patients on exenatide QW, 31.3% 
reached an HbAi c <6.5%, whereas only 
20.2% patients on insulin glargine met 
this predefined end point (P = 0.009). 
The body weight difference was 4.5 kg 
at the end of the study. The patients on 
exenatide QW lost 2.1 kg body wt, 
whereas those on insulin glargine gained 
2.4 kg (P < 0.001). Additionally, with 
regard to hypoglycemia, there was a sig- 
nificantly better outcome in the patients 
on exenatide QW. Among patients on a 
dual background medication with met- 
formin plus sulfonylurea, the incidence 
of minor hypoglycemia was 24% in the 
exenatide QW group vs. 54% for insulin 
glargine patients (P < 0.001); among pa- 
tients taking metformin alone, it was 8% 
for exenatide QW patients compared with 
32% in the insulin glargine group (P < 
0.001). Gastrointestinal adverse events 
occurred more frequently in the exenatide 
QW group than in the insulin glargine- 
treated patients (12 vs. 6% with diarrhea 
and 15 vs. 1% with nausea, respectively; 
P < 0.05) (22). 

Liraglutide was also compared with 
therapy with insulin glargine in a study 
with patients on dual oral therapy with a 
daily dose of 2,000 mg metformin and 4 
mg glimepiride. In this study, liraglutide 
reduced the HbA lc significantly com- 
pared with insulin glargine and met the 
predefined noninferiority criterion (1.33 
vs. 1.09% [95% CI 0.08-0.39]; P = 
0.0015). Expectedly and in line with the 
findings for exenatide, greater weight loss 
was observed with liraglutide compared 
with insulin glargine (treatment difference 
-3.43 kg [4.00-2.86]; P < 0.0001). 
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Furthermore, liraglutide reduced systolic 
blood pressure (—4.0 mmHg) compared 
with insulin glargine (0.5 mmHg higher; 
— 4.5 mmHg difference [6.8 to —2.2]; 
P = 0.0001). The rates of hypoglycemic 
episodes in the liraglutide-treated patients 
were 0.06 (major hypoglycemia), 1.2 
(minor hypoglycemia), and 1.0 (symp- 
toms only) events/patient/year, respec- 
tively, in the liraglutide group compared 
with 0, 1.3, and 1.8 in the insulin 
glargine-treated group. Nausea occurred 
in 14% of patients on liraglutide, and 
9.8% of participants in the group receiv- 
ing liraglutide developed antiliraglutide 
antibodies (23). 

Why may GLP-1 RAs be advantageous 
over insulin therapy in type 2 diabetes? 

In the head-to-head studies comparing 
the add on of GLP-1 RA to insulin therapy 
in patients on oral background treat- 
ment with metformin or dual-drug 
therapy including a sulfonlyurea, the 
GLP-1 receptor agonists tested showed 
noninferiority concerning glycemic 
parameters compared with insulin. 
The long-acting GLP-1 RAs as well as 
liraglutide demonstrate a more sus- 
tained effect on fasting plasma glucose, 
while the effect on postprandial hyper- 
glycemia is modest compared with that 
of the short-acting exenatide for twice- 
daily injections (12,24). 

In most studies, the observed overall 
hypoglycemia incidence was also lower in 
the patients treated with a GLP-1 receptor 
agonist. A recent meta-analysis investi- 
gated the head-to-head studies compar- 
ing GLP-1 RA therapy directly with 
insulin treatment (24). Hypoglycemic epi- 
sodes were reported by 509 patients in 
total: 200 of 877 in the GLP-1 RA group 
and 309 of 855 in the insulin therapy 
group. A statistically significant decrease 
in risk of hypoglycemia associated with 
the use of GLP-1 RA was found based 
on the random-effect pooling (Mantel- 
Haenszel odds ratio 0.45 [95% CI 0.27- 
0.76]; P < 0.01). The trial by Heine et al. 
(16) comparing insulin glargine with ex- 
enatide revealed no statistical difference 
in the overall incidence of hypoglycemia 
(events/patient/year). The trial by Nauck 
et al. (17) comparing exenatide with pre- 
mixed biphasic insulin aspart 70/30 also 
showed similar rates at end point. Severe 
hypoglycemia was rare with GLP-1 RA, 
with only 10 of 1,130 patients treated 
with exenatide compared with 15 of 
1,103 patients on insulin therapy. No sta- 
tistically significant increase in risk of se- 
vere hypoglycemia was demonstated with 



GLP-1 RA (Mantel-Haenszel odds ratio 
0.65 [0.29-1.45]; P = 0.29). When all 
data were combined in the meta-analysis, 
nocturnal hypoglycemia was less frequent 
in the GLP-1 RA group compared with the 
insulin-treated group (24). 

Weight gain associated with insulin 
treatment is an additional disadvantage 
that may affect insulin sensitivity and may 
be counterproductive for patient motiva- 
tion toward therapeutic adherence. When 
given to obese patients with or without 
diabetes, GLP-1RA results in clinically 
relevant beneficial effects on body weight. 
Beneficial effects on blood pressure and 
cardiovascular surrogate parameters such 
as a reduction in total cholesterol may also 
be achieved (10-13). Therefore, GLP-1 
RA rather than insulin therapy should 
be considered in patients with diabetes 
who are obese or overweight (15). As es- 
tablished thus far, no clinically significant 
differences seem to exist within the entire 
group of GLP-1 RAs concerning their ef- 
fect on body weight reduction (12). Fur- 
thermore, the standard doses used for 
GLP-1 RA treatment may be advanta- 
geous in facilitating therapy compared 
with insulin, where dose titration and ad- 
ditional glucose self-monitoring are nec- 
essary. Here, the once-weekly long-acting 
GLP-1 RA may have additional benefits 
(10,12,15,24). 

The further and future positioning of 
the GLP-1 RA will of course be dependent 
on data from ongoing long-term trials 
investigating not only the durability of 
glycemic control and body weight reduc- 
tion but also, and more importantly, 
cardiovascular end points and safety. In 
this respect, the results of the LEADER 
trial with liraglutide (Liraglutide Effect 
and Action in Diabetes: Evaluation of 
Cardiovascular Outcome Results - A 
Long Term Evaluation) and the EXSCEL 
study with exenatide QW (Exenatide 
Study of Cardiovascular Event Lowering) 
will generate important data (9,12,25,26). 
Additionally, more information as to 
whether the GLP-1 RA can protect 
(3-cell function and thereby minimize the 
progression of type 2 diabetes would be 
an additional important point in the posi- 
tioning. Here, we have little data proving 
a direct effect on (3-cell function, apo- 
ptosis rate, and proliferation in humans 
in vivo. In a direct comparison in a clin- 
ical study, however, the long-term treat- 
ment with exenatide showed significant 
benefits of exenatide versus glimepiride 
for control of glycemic deterioration in 
patients with type 2 diabetes as an 



indirect parameter on (3-cell function 
over time (6). 

The recent ADA/EASD Position State- 
ment for the therapy of type 2 diabetes has 
already changed the positioning of GLP-1 
RA treatment from "less validated treat- 
ments" in the preceding statement (27) 
to an equal positioning as second-line 
therapy with insulin. The novel statement 
evaluates therapies not only by their effi- 
cacy in glucose lowering but also by treat- 
ment side effects, hypoglycemia incidence, 
body weight development, and costs as 
well as individual considerations concern- 
ing patient characteristics (e.g., disease 
duration, comorbidities, cardiovascular 
risk) (5). In conclusion, the indications 
and outcomes for GLP-1 RA treatment 
compared with insulin therapy seem fa- 
vorable for patients with type 2 diabetes 
when oral antidiabetes therapy and life- 
style intervention do not achieve the ther- 
apeutic goals. In this case, an injectable 
therapy with a GLP-1 RA is feasible, espe- 
cially when body weight reduction and 
prevention of hypoglycemia are further 
important therapeutic aims. 

Insulin side of the debate 

Rationale for early insulin supple- 
mentation. If monotherapy with met- 
formin does not achieve or maintain 
HbA ic target over ~3 months, the next 
step could be to add basal insulin, which 
has the highest efficacy in lowering 
HbA ic compared with other options 
recommended (5). In light of limited 
data from interventional trials, what 
could be the rationale for early insulin 
supplementation? 

The principal abnormalities in type 2 
diabetes are impaired peripheral insulin 
action (insulin resistance), insulin secre- 
tory dysfunction, and glucagon hyperse- 
cretion further promoting hepatic glucose 
production. An analysis from the White- 
hall II study reveals that the pancreatic 
(3-cell can compensate in the long term for 
declining insulin sensitivity in the meta- 
bolic syndrome stage before break down 
after -10-12 years (28). At the time of 
diagnosis of type 2 diabetes, —50% of 
pancreatic (3-cell function has been lost, 
with almost 4-6% further loss of func- 
tion expected per year thereafter (29,30). 
Furthermore, there is a significant and 
progressive loss of pancreatic (3-cell 
mass (31). Recently, a morphometric 
and (3-cell function study designed to 
examine the pathogenetic relevance of 
(3-cell loss in patients with pancreatic 
abnormalities undergoing pancreatic 
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surgery revealed that diabetes manifests 
when (3-cell mass declines by -65% in 
humans (32). 

Insulin therapy in patients with type 2 
diabetes corrects glucotoxicity and lipo- 
toxicity, improves peripheral insulin ac- 
tion, and decreases hepatic fat content 
(33,34). Early implementation of a short 
course of intensive insulin therapy by 
continuous subcutaneous or multiple 
daily injections can induce sustained eu- 
glycemia in significantly more patients 
than those treated with oral hypoglycemic 
agents (OHAs) (35). Moreover, this short 
period of intensified insulin therapy had 
favorable outcomes with regard to recov- 
ery and maintenance of (3-cell function 
and prolonged remission (in -40% of pa- 
tients) compared with OHA treatment 
(35,36). 

Several studies have found that be- 
yond metabolic effects, insulin may exert 
nonglycemic effects, in particular pleio- 
tropic anti-inflammatory, antiathero- 
genic, and antiapoptotic effects (37-39). 

The preceding evidence supports the 
concept of insulin-mediated cessation of 
disease progression with early insulin 
intervention to preserve pancreatic 
(3-cells. Based on the improved under- 
standing of the pathophysiology and nat- 
ural history of type 2 diabetes, insulin 
therapy should be introduced — not as a 
last resort but as soon as metformin is in- 
adequate to sustain glycemic targets. 
Initiating insulin therapy in type 2 
diabetic patients failing on OHAs: the 
basal-supported oral therapy. Studying 
the relationships between fasting plasma 
glucose levels and insulin secretion dur- 
ing intravenous glucose tolerance tests, 
Brunzell et al. (40) found that the early 
insulin secretory response was largely di- 
minished at fasting plasma glucose levels 
> 1 15 mg/dL. A recent study examined 
the effects of chronic supplementation 
of long-acting basal insulin glargine over 
8 weeks versus acute intravenous insulin 
on endogenous |3-cell function in hyper- 
glycemic patients with type 2 diabetes on 
metformin monotherapy (41). Mean age 
of patients was 55.7 years, and diabetes 
duration averaged 4.6 years. Chronic re- 
duction but not acute normalization of 
fasting glycemia improved first- and 
second-phase insulin secretion during an 
intravenous glucose tolerance test (41). 
Interestingly, adding insulin glargine ver- 
sus NPH insulin to metformin seemed to 
result in more efficient postprandial 
(3-cell protection in subjects with type 2 
diabetes (42). 



There are several physician and pa- 
tient barriers to initiating insulin therapy, 
particularly concerns about risk of hypo- 
glycemia, weight gain, and inconvenience 
(43). Large interventional trials with dif- 
ferent insulin regimens demonstrated 
noninferiority of basal insulin analogs (ei- 
ther glargine or detemir) in terms of met- 
abolic control compared with prandial or 
premixed insulin when added to OHAs 
(44,45). However, the basal insulin regi- 
mens were associated with significantly 
fewer hypoglycemic events (44,45), less 
weight gain (44,45), and improved pa- 
tient treatment satisfaction (45) com- 
pared with either prandial or premixed 
insulin regimens. In a Position Statement 
on the significance of long-acting insulin 
analogs (glargine or detemir), 18 pub- 
lished randomized controlled trials 
(RCTs) and 1 1 meta-analyses considering 
the hypoglycemic risk were summarized 
(46). In 15 of 18 (83%) trials and all 11 
meta-analyses, a significantly lower risk of 
hypoglycemia was described for basal in- 
sulin analog therapy compared with the 
use of NPH basal insulin (46). A favorable 
action profile of long-acting insulin ana- 
logs compared with NPH insulin may at 
least in part explain the different out- 
comes observed (47). 

Finally, basal insulin analog therapy 
is more cost-effective than prandial in- 
sulin analog therapy (48). 

In summary, the addition of basal 
insulin analogs to oral hypoglycemic 
agents like metformin is effective, safe, 
simple, and convenient and may be help- 
ful in overcoming major barriers to timely 
insulin initiation in both primary and 
secondary care settings (49,50). 
Studies with basal insulin (analogs) 
added onto metformin. A meta-analysis 
of 27 published RCTs with > 1 1 ,000 type 
2 diabetic patients treated with different 
noninsulin antidiabetes drugs for a mean 
of 32 weeks added to metformin was re- 
cently published (51). The overall effects 
on HbA lc , body weight, and the relative 
risk of hypoglycemic events using sulfo- 
nylureas, glinides, glitazones, a-glucosi- 
dase inhibitors, DPP-4 inhibitors, or 
GLP-1 RAs were -0.79%, 0.14 kg in- 
crease, and 1.43-fold, respectively. Sulfo- 
nylureas and glinides were associated 
with the highest relative risk of hypogly- 
cemia (2.63 and 7.92, respectively). 

Should a GLP-1 RA or a basal insulin 
analog be added to metformin? The meta- 
analysis mentioned above partly provides 
an answer: GLP-1 RA therapy lowered 
HbA lc by 0.99% (mean) and was associated 



with no risk of hypoglycemia (0.94) and a 
loss of weight (—1.76 kg) (51). One may 
argue that the limited efficacy of lowering 
HbA lc by -1% of GLP-1 RA therapy is not 
sufficient to meet glycemic targets in most 
of the patients failing on metformin mono- 
therapy. By contrast, basal insulin analogs 
added to metformin provide relatively uni- 
form insulin coverage throughout the day 
and night, thus making nearly any target 
of HbA lc achievable, provided insulin 
dose titration is properly done. 

A large, pooled analysis of prospec- 
tive RCTs in patients with uncontrolled 
type 2 diabetes on 0-2 OHAs initiating 
basal insulin glargine after a specific titra- 
tion algorithm was published last year 
(52). Of 63 RCTs performed between 
1997 and 2007, eleven studies were eligi- 
ble, meeting the following criteria: J) 
studies were phase 3 or later prospective 
RCTs of &24 weeks' duration; 2) enrolled 
adult patients with type 2 diabetes with 
inadequate glycemic control; 3) basal in- 
sulin was given once daily, with no con- 
comitant prandial or bolus insulin 
administration; 4) insulin glargine was 
initiated at 10 units/day and was admin- 
istered according to predefined titration 
algorithms with frequent insulin dose ad- 
justment (from every 1-3 days to every 
week) to achieve fasting plasma glucose 
levels <100 mg/dL; and 5) studies were 
conducted according to good clinical 
practice and in accordance with the Dec- 
laration of Helsinki (52). 

A total of 2,171 patients in the 11 
selected studies were treated with insulin 
glargine, of whom 2,154 were included in 
the final pooled analysis after removal of 
17 patients who were taking three or 
more OHAs at baseline. Mean age of 
patients was 58.6 years, and diabetes 
duration averaged 8.9 years. Approxi- 
mately 2% of patients were taking no 
OHA, 45% took one OHA, and 52% took 
two OHAs. Nearly one-half (49.9%) of all 
patients were taking metformin plus sul- 
fonylurea combination therapy before 
basal insulin treatment; 36.5% of patients 
took sulfonylurea only, and 8.5% took 
metformin only. Overall, at baseline mean 
HbA lc was 8.77%, fasting plasma glucose 
198.8 mg/dL, and body weight 88.5 kg. 
Study end points included week-24 
HbA lc level and change from baseline, 
the percentage of patients reaching a tar- 
get HbA lc level of <7.0%, change in body 
weight from baseline, insulin dose at end 
point, and symptomatic and severe hypo- 
glycemic incidence and event rates during 
the treatment period (52). 
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Interestingly, patients on no or one 
OHA and those on metformin monother- 
apy at baseline had the largest 24-week 
reductions in HbA lc after the addition of 
basal insulin glargine (—0.44 units/kg 
body wt): AHbA lc — 1.8% (mean at base- 
line 8.87% to mean at 24 weeks 7.1%) 
and AHbA lc —2.0% (mean at baseline 
9.08% to mean at 24 weeks 6.9%), re- 
spectively. Mean AHbA lc in patients on 
two OHAs, sulfonylurea, and metformin 
plus sulfonylurea at baseline was -1.7%. 
Of patients failing on metformin or sulfo- 
nylurea monotherapy and metformin 
plus sulfonylurea in combination, 68.1, 
50.4, and 56.4% achieved HbA lc 
<7.0%, respectively (P = 0.0006) (52). 

Weight gain was lowest when basal 
insulin glargine was added to metformin 
(mean 1.6 kg) compared with a mean of 
2.3 and 2.0 kg in patients on sulfonylurea 
only and metformin plus sulfonylurea, 
respectively (52). 

Patients on no or one OHA at baseline 
had significantly less symptomatic hypo- 
glycemia when basal insulin glargine was 
added than those on two OHAs (P = 
0.0007). The mean insulin dose per kilo- 
gram in patients on metformin only was 
higher than that for patients on sulfonyl- 
urea only or on sulfonylurea plus metfor- 
min combination therapy (0.54 vs. 0.43 
vs. 0.43 units/kg, respectively). However, 
despite higher insulin doses, those taking 
metformin alone had less hypoglycemia 
than those taking sulfonylurea or metfor- 
min plus sulfonylurea: 1.81, 4.88, and 
7.30 (mean event rate/subject year), re- 
spectively, for symptomatic hypoglyce- 
mia and 0.67, 1.05, and 1.56 for 
confirmed symptomatic hypoglycemia. 
Overall, the incidence of severe symp- 
tomatic hypoglycemia after addition of 
basal insulin glargine in patients on met- 
formin only, sulfonylurea only, and met- 
formin plus sulfonylurea was very low: 2 
of 278 (1.1%), 10 of 792 (1.3%), and 14 
of 1,030 (1.4%), respectively (52). 

The article included a meta-analysis 
of studies to further explore the effects of 
the addition of basal insulin glargine in 
participants who were uncontrolled on 
no or one versus two OHAs and any 
significant differences when added to 
metformin versus metformin plus sulfo- 
nylurea or sulfonylurea only. This meta- 
analysis functioned as a sensitivity analysis 
to assess the robustness of the pooled 
analysis while controlling for effects 
such as sample size. The authors per- 
formed a literature search of PubMed 
using the search terms "insulin glargine" 



and "type 2 diabetes" for articles published 
before 18 June 2010. Of 977 articles, only 
5 met the strict criteria for inclusion in 
their meta-analysis (45,53-56). Overall, 
the results from the meta-analysis were 
consistent with the pooled analysis in 
that adding basal insulin glargine to met- 
formin monotherapy provided beneficial 
glycemic control (52). 

The authors concluded that, in par- 
ticular, adding insulin glargine to metfor- 
min monotherapy was well tolerated and 
resulted in a significant proportion of 
patients achieving the glycemic goal of 
HbA lc <7.0% with a low risk of hypogly- 
cemia and weight gain, in spite of a higher 
insulin dose used on average. They fur- 
ther concluded that some patients may 
benefit from the initiation of basal insulin 
earlier in the management of type 2 dia- 
betes and supported the inclusion of in- 
sulin as a second step in the ADA/EASD 
treatment algorithm (5,27). The authors 
confess that one major limitation of the 
analysis was that only studies of insulin 
glargine were evaluated in both the 
pooled and meta-analysis; thus, applica- 
bility to other basal insulin formulations 
(e.g., NPH insulin and basal insulin ana- 
log detemir) is unknown. 

Some doctors often argue that RCTs 
do not reflect "real-life" of type 2 diabetes 
management in daily practice. Therefore, 
it is of particular interest that in a predom- 
inantly primary care setting, addition of 
insulin glargine using a simple algorithm 
achieved significant improvements in gly- 
cemic control in patients with type 2 di- 
abetes in all four study arms of the 
Glycemic Optimization with Algorithms 
and Labs at Point of Care (GOAL A1C) 
trial (57). Furthermore, two large open, 
multicenter, prospective observational 
studies up to 32 months performed in 
Germany with 12,216 type 2 diabetic pa- 
tients failing on OHAs (58,59) and 1,438 
type 2 diabetic patients failing on metfor- 
min only (60) demonstrated that timely 
addition of basal insulin glargine was ef- 
fective and safe also in everyday clinical 
practice. Recently, the first study to ex- 
plore the management of insulin initia- 
tion using basal insulin analogs (insulin 
detemir or insulin glargine) in a real- 
world clinical setting in France was pub- 
lished (61). This 3-month longitudinal 
observational study was conducted across 
761 French centers in insulin-naive type 2 
diabetic patients managed under routine 
clinical care conditions in either primary 
or secondary care. End points included 
changes in HbA lc , fasting plasma glucose, 



rate of hypoglycemia, weight, and adverse 
events. Of 2,541 patients included, 1,970 
(78%) patients were taking insulin dete- 
mir, 549 (22%) patients were taking in- 
sulin glargine, and the vast majority were 
prescribed a once-daily dose (97%). The 
final analysis was performed on 1 ,863 pa- 
tients. Based on their results, the authors 
concluded that insulin initiation can be 
successfully managed in both primary 
and secondary care, with most physicians 
maintaining some use of OHAs alongside 
the basal insulin analog (61). Most pa- 
tients (93%) were satisfied or very satis- 
fied with their insulin; insulin detemir 
and insulin glargine offered equivalent 
glycemic control combined with an asso- 
ciated low rate of hypoglycemia. Insulin 
detemir offered the additional benefit of a 
small weight loss ( — 0 . 5 kg as a mean after 
3 months), whereas insulin glargine 
proved weight neutral. Finally, a recent 
study (Add-on Lantus to Oral Hypoglyce- 
mic Agents [ALOHA] study) demon- 
strated that initiation of insulin glargine 
to achieve treatment target in Japanese 
type 2 diabetic patients (n = 3,180) on a 
basal-supported oral therapy (BOT) regi- 
men is possible under real-life conditions 
using an appropriate starting dosage and 
subsequent dose adjustment (62). 
Early insulin therapy in type 2 diabetes 
and prediabetes: outcomes research (the 
ORIGIN Trial). The ORIGIN Trial is the 
largest and longest worldwide prospective 
intervention trial to assess whether basal 
insulin therapy to normalize fasting plasma 
glucose levels may reduce cardiovascular 
events in people a 50 years of age with im- 
paired fasting glucose, impaired glucose tol- 
erance, or early type 2 diabetes in addition 
to other cardiovascular risk factors (63). 
The trial also tested the effect of n-3 fatty 
acid supplements versus placebo on cardio- 
vascular outcomes, which will not be dis- 
cussed in this article. 

A total of 12,612 people in 40 coun- 
tries were randomized during a 2-year 
period ending December 2005. The trial 
tested the effect of titrated once-daily 
basal insulin glargine to target a FPG 
^95 mg/dL versus standard care. The 
median follow-up was 6.2 years; at study 
end, the primary outcome status (death 
from cardiovascular causes, nonfatal 
myocardial infarction, or nonfatal stroke) 
was known for 12,443 participants of a 
total of 12,537 (mean age 63.5 years 
[35% female]) enrolled (99%). The study 
ended in December 2011, and the out- 
come results were just published (7). 
More than 50% of 6,264 participants 
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randomized to insulin glargine achieved 
an FPG level 95 mg/dL, and 75% of these 
participants achieved FPG levels <108 
mg/dL for most of the trial. The median 
insulin dose for glycemic control was 0.40 
units/kg body wt by year 6. Long-term 
glycemic control was sustained with insu- 
lin glargine achieving a HbA lc of 6.2% at 
study end compared with 6.5% under 
standard care (difference not significant). 
However, achieving optimal metabolic 
control did not affect cardiovascular out- 
comes in these participants with early 
dysglycemia during the study period: for 
first coprimary end point, hazard ratio 
1.02 (P= 0.63; NS) and second coprimary 
end point 1.04 (P = 0.27; NS). There was 
also no difference between the two arms in 
the incidence of other outcomes like mi- 
crovascular lesions (kidney or eye dis- 
ease), all-cause mortality, and cancers. 
The risk of severe hypoglycemia was 
0.7% higher in the insulin glargine group 
( 1 vs . 0 . 3 % per year) , and participants ran- 
domized to insulin glargine gained a mean 
of 1 .6 kg (340 g per year) during >6 years 
of follow-up compared with 0.5 kg weight 
loss with standard care. 

In people with prediabetes (impaired 
fasting glucose or impaired glucose toler- 
ance) at baseline, the development of new 
diabetes was significantly reduced by 
28% (hazard ratio 0.72; P = 0.006) with 
insulin glargine compared with standard 
care (7). 

The authors concluded the following: 
J) Insulin glargine had a neutral effect on 
cardiovascular outcomes and cancer 
when used to target fasting plasma glu- 
cose levels for >6 years. 2) It significantly 
reduced new-onset diabetes. 3) Moreover, 
this therapy maintained near-normal gly- 
cemic control and slowed progression of 
dysglycemia, but it was associated with a 
modest increase in hypoglycemic epi- 
sodes and weight gain. 4) Whether the 
glycemic benefit will affect future micro- 
vascular or other outcomes remains un- 
known. 5) In the meantime, the findings 
of the ORIGIN Trial do not support 
changing standard therapies for early dys- 
glycemia (7). 

Conclusions 

All three components of hyperglyce- 
mia — elevated fasting blood glucose; el- 
evated postprandial blood glucose; and, 
as a consequence, elevated HbA lc — 
contribute to and correlate with the devel- 
opment and progression of microvascular 
and macrovascular complications in 
subjects with diabetes (64). Glycemic 



targets from the European Society of 
Cardiology/EASD guidelines are <108 
mg/dL for fasting blood glucose, 2 h after 
beginning eating postprandial blood 
glucose <135 mg/dL, and ^6.5% for 
HbA lc in patients with type 2 diabetes 
(65). Recently, the ADA/EASD guidelines 
have recommended new HbA lc treatment 
goals in their patient-centered approach 
(5). 

In patients not reaching therapeutic 
goals on metformin only to achieve/main- 
tain an HbA lc target over ~3 months, the 
next step recommended was to add 
either a second OHA, a GLP-1 RA, or 
basal insulin (5). Basal insulins, especially 
basal insulin analogs (glargine or dete- 
mir), added to OHAs (in particular met- 
formin) alone at bedtime, have the highest 
efficacy lowering HbA lc and fasting blood 
glucose with consecutively improved 
postprandial blood glucose levels 
(44,45). In principle, insulin therapy 
has a high risk of hypoglycemia and is 
associated with weight gain compared 
with the other options recommended on 
level 2 of the treatment algorithm (5). 
However, BOT using either insulin glar- 
gine or insulin detemir was associated 
with significantly less risk comparing 
BOT using NPH insulin with other insulin 
regimens like prandial insulin or pre- 
mixed insulin. Insulin therapy theoreti- 
cally allows reaching glycemic goals 
from high baseline glycemic values by in- 
dividual and consequent dose titration to 
the desired target. Basal insulin analogs in 
that respect provide relatively uniform in- 
sulin coverage throughout the whole day 
and night. 

On the other hand, GLP-1 RAs added 
to metformin have a high efficacy in 
lowering HbA lc and postprandial blood 
glucose with improvement of fasting 
blood glucose levels alongside (8,9). By 
contrast, GLP-1 RA treatment confers 
no risk of hypoglycemia with further ad- 
vantage of weight loss and a relative low 
risk of gastrointestinal side effects 
(10,12,15). 

Two head-to-head studies of GLP-1 
RAs, using either exenatide once per week 
or liraglutide once a day, found superior- 
ity or noninferiority in terms of lowering 
HbA lc compared with basal insulin glar- 
gine (21,22). In both studies, GLP-1 RA 
therapy was associated with a lower risk 
of hypoglycemia and loss of weight com- 
pared with insulin glargine therapy. Both 
basal insulin therapy and GLP- 1 RA ther- 
apy are more effective but still more ex- 
pensive than OHA treatment. 



Recently, a systematic review of the 
efficacy of eight classes of diabetes medica- 
tions used in current clinical practice (met- 
formin, sulfonylureas, ct-glucosidase 
inhibitors, thiazolidinediones, glinides, 
DPP-4 inhibitors, GLP-1 RAs, and insulin 
analogs) to reach the HbA lc target <7.0% 
in type 2 diabetes was performed (66). A 
total of 218 RCTs (339 arms and 77,950 
patients) were identified in MEDLINE, 
Embase, and the Cochrane Central Regis- 
ter of Controlled Trials through April 
2011, which included at least 30 subjects 
in every arm with a follow-up of at least 
12 weeks. 

For GLP-1 RAs (n = 5,783 patients) 
and basal insulins (21,615 patients), 
overall rates of patients achieving a target 
of HbA lc <7.0% were 45.7 and 38.9%, 
respectively. In a much smaller group of 
only 668 patients treated with long-acting 
release exenatide, a rate of 63.2% was 
found. Outcomes for insulins and nonin- 
sulin drugs (including GLP-1 RAs) di- 
vided by different strata of baseline 
HbA lc clearly demonstrated a much 
lower efficacy of noninsulin drugs com- 
pared with insulins beyond a baseline 
HbA lc of -9.5%.; i.e., this review empha- 
sizes that in most of the patients failing on 
OHA treatment, adding either a basal in- 
sulin analog or a GLP-1 RA is meaningful 
and effective, with a preference for insulin 
therapy when baseline HbA lc is already 
>9.5%. But even with both of these best 
monotherapy options added to OHA 
therapy, an average of 40-60% of the pa- 
tients will not achieve a <7.0% HbA lc 
target. Table 1 summarizes the character- 
istics and advantages for various patient 
types of either therapeutic option of in- 
jectable agents when therapeutic goals 
are not reached with OHA therapy alone. 
What next after incretin or insulin: 
potential for a combination of GLP-1 
RA with insulin? In type 2 diabetic 
patients failing on metformin plus basal 
insulin, adding an injection of prandial 
insulin ("basal plus") or a GLP-1 RA could 
be an appropriate next step (67). The 
combination of a GLP-1 RA with a basal 
insulin analog, probably in the near future 
in a single injectable preparation, should 
provide synergetic metabolic effects with 
additional beneficial nonglycemic cardio- 
vascular effects (68) along with a low risk 
of side effects. A combination therapy 
comprising basal insulin with a GLP-1 
RA would have the advantage of a stan- 
dard dose of the GLP-1 RA rather than an 
additional individual dose titration with a 
short-acting prandial insulin. 
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The proof of concept of such a com- 
bination therapy (GLP-1 RA added to 
insulin) has already been demonstrated, 
showing less weight gain and less hypo- 
glycemia than an insulin therapy (69-71). 
However, it has to be shown by large 
long-term intervention trials that such 
combination therapy given early to type 
2 diabetic patients, probably when met- 
formin monotherapy is not sufficient and 
an injectable therapy is feasable, can pre- 
vent the development or halt the progres- 
sion of diabetic secondary complications. 
Hopefully, such megatrials will not add 
further frustration (72). Given the de- 
scribed beneficial effects of setting the 
pancreatic |3-cell at rest by early insulini- 
zation and the protective and probably 
restorative effect of GLP- 1 RAs on pancre- 
atic p-cells, the optimal recommendation 
for treatment should start with a GLP-1 
RA combined with basal insulin therapy 
early in the course of this chronic, pro- 
gressive disease type 2 diabetes. 
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